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PROBLEM TO BE SOLVED: To improve directivity of a 
carbon nano tube and to obtain a device with large 
amount of electron emission, by surrounding a 
connection part onto the conductive surface of the 
carbon nano tube. 

SOLUTION: A layer 21 for constituting the conductive 
surface of a substrate 20' is formed on the substrate 20 t 
a carbon nano tube 24 is connected to the surface of 
the layer 21 for constituting the conductive surface via a 
catalyst ultra fine particle 23, and a connection part to 
the conductive surface of the carbon nano tube 24 is 
surrounded by a barrier. In this case, at the junction 
between the carbon nanoitube 24 and the conductive 
surface, ohmic junction, Schottky junction, or the like 
that are fully joined electrically exist and junction 
characteristics change due to the composition and 
manufacturing conditions of the layer 21 for constituting 
the catalyst or the conductive surface, thus obtaining an 
improved device that is electrically joined to an 

electrode and where the carbon nano tube is mutually isolated and also obtaining an electron 
emission device with improved electron emission characteristics. 
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(57) ABSTRACT 

The present invention discloses a carbon nanotube device 
comprising a support having a conductive surface and a 
carbon nanotube, one of whose terminus binds to the con- 
ductive surface so thai conduction between the surface and 
the carbon nanotube is maintained, wherein a root of the 
carbon nanotube where the carbon nanotube binds to the 
conductive surface is surrounded by a wall. Such a carbon 
nanotube device, having carbon nanotubes with a uniform 
direction of growth, can generate a large quantity of emitted 
electrons when it is used as an electron emission device. 
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[0049] C*l6©0l"Cti£r I* >*>V8&S*7nb 

•cfeo, *a&«&tt«©ff*tti8tt*ffi> <e*wi©afi)c 

JM*fcKCtt 1 ~ 1 0 nmWJ LA'fiHT**. iffi^H 

S:7-g;j»JW=»*l5. *l/ClUMI2. 0H;tfcfla3 
( a ) <D$J£T%hf*&*1£&9CCllt&2 2 
*fK^tt»«Ml:T*e&'«a«*'e*. x. H3 
( b ) RC* ( c ) ©«^C*n», KBB2 2 O&lS&lC 

[0 05 0] COBf2aW03{CjSbfc»SQtt— Wr* 

TS«2 l±K#R8ilfcttmTfc9. COBWCB 20 

»g2 2£'&>lfchi:V>&. -£L-C5 3SJ&mf*IB*K?fS 
J5S3irfei|ffl?l-ca>*. *LT9 3 t*»«tt*®4«Bfl.i£ 
3Pi*»<f»«0^^-C*-5. *l/CC©J:5&*B?l© 

«M«»6*-!j«V^^?'P.-^'2 4*iiffl7L5 SOSK» 

[0 05 1 ] iGKwt*-#>f^?a"^f^^ 30 
^*-*©«^*®^©l£££|S#WS6, $*-l33ffl?l 

[ 0 0 5 Z ] ±9eSI«tJl8«KttTK*2 0 KM L,*C. 
MAKH2 (a) Oa) - (c) XBE9& 

CM KCfSttL^^CC. »&&&m* i ft!$.?i>1B2, 1 

ft^>. WS2 2©J&fiS*tt (PW.HMBMfcWMMI 1 

[0 06 31 *fcH2 <b) , (c) . 02 <d) 
BH3 (d) 5c9BttL/fc«Si©*-^tX^*-^r 

[0 0 5 4] SS2 2«fvt.f*fl:l/fc£#Kg3lS3*l 
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g&rfttttteis, tfrnxfyax mtti'»z»x& 
%-gA,-cmzkiMm-z. *t/tc©j:5fcwc 

[0 05 5] t©<fc5fcJ7-;K>:*-> > 3 L »--?'©W*tt 

*»-CtS. *fci«lSfc*-#>;f >^A-:rtWBfiJE3 
frT<,>Si*«tt3?ffi©, &*©#-#:>?-./' r»-:/© 

A (A 1 ) <0Bffia^b{CJ:-5-CW6tl*rJl'5^f 

[0056] A i ©»ffigWfc&& a, Witfs^a ->k© 
mWVA 1 fcWS. P L4 0 V««r©« 

E«reii*ai/'CA loaBtBMb-i - **^**.' c©7j 

&-Ctt. A 1 ©S*fflfciaa**«n mHS 1 0 nmOt?l 

[0057] 9HA.tfi**tta®icr^? ■ummzfc 
fiSUfca. c©r^5r.»>A»«*»efi/tL/. c©# 

KA loWMfEK (r;ws^)«) cc^«3ft*iffl?Lrt 

> (T i > , y^-'JA (Zr), (Nb) . 

(Ta) . -ty^fv (Mo) . ^ (Cu) R 

yigfa (zii) frhm&hz'pti. < <t t i -3©t£R*s 

[0058] BP%. C©»ft*fR , caSWtSffift3ai£l' 
A » OMBHtolBfcr * ? ^-BMC^fiSS ti4 

X> »»CtTr<c 5 » — ^fiSB^fCD 

[ o o 5 g ] x. c©* 9 fc*m-c««i*«ffi%flaiEu 

%«5STa»2 liOBKBSfiT^iT-IWlC. ID 

7L5 3©JS»iaWteSlffi*-o«iC«tK©. 

l/tCO^X 9 3 (ttfflJL 5 3 (D^t^M^M 

A©ia©»*tt*isj±3-a'^ns» > ^»?Btc**»5* 
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[0060] */c. S i <DHW{bAl*.&^tt&M4rr$ 
&&€:i*®£LT8U 0m A/cm 3 O 

a. 

m (pis i») *«su 8f»«t5/iia>««aw 10 

[0062] ±IELfc&(cA 1 (DfftffiSf^S i ©HMS 

HC»SCi©-C*»t#*KDWtl/'C«, (F 20 

e) , =i/l;Ph (Co) Xt*=-v*\rt> (N i ) #W6 
ft*. 

[0 063] wbh^hdi^xa ot^w 

Wfil nm^l Onm, <J«Ctt2^5 0 nmOBB** 

[0064] c tzfmam&wtm^cMtb&& 
*acoiB«l« J F*ft«T«af& , c*n« 1 Co so, 30 

, 7 H 3 0 = 5%, H, BO, = 29*0*&R**C&* 
fflt*«K«b^lFl«ffii<DiacC 1 5 VWK<03tffi ( 5 0 H 
z) BEfcHftrTftttJ:^. CCD^rtttCJrtiK. 

e. CoXfcN i ft£*B*U t CDSM 5 
««£&*t|Uf&ft*. 
[0 06 6] tKOtttCLX^fifcStl^PaSfCjZ^trWD 40 

B£ivcir>*VB&SBt SWBBicJ^TBtOB* 
ft, j*iW»6ftMWttllBtt:#-#>^^**'- 

[0067] fljUZ, «Bi#*«>»*&fc*;rf 
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W&ft*. 

[ooes] cft6o*r*?£ Lv^j^pniSftcDsea^ 
[0069) ifc^-jjo^^^a-^oifta-c^a 

[0070] *JCH5 

> ^ 3. ^ XQSBfi^n-fe XJ&iflgH'C 

A*. (35 (a) ic^T<k$K:, MitfSi 1 )* 
^-SttLhte. Ti, Zr, Nb> Ta, Mo, Cu* 

Kzn*£^&'*-sB£dEBLfc9L, saweeWST 
«:a lB£BB i r&. tfOjfflESttiUtB. w;t&*& 

» ji y 6ft4 n 

[007 2] 3«C. A 1 £[WiMbT*fc»«:»*«: t 
P t£l*E£l/r4 0VCD«ffi*EP 

SD^SA, HI o^-rJr^k:, «1^A l ©&B#gMfs 
?ft«a«i^iS^TS^. A 1 B<0»{fc«:^^ (Bffl.©JB 
fi?i«tc*j»«i«i»^:U'C— SittS- a jb 

urmsttffi^^trs, Wii»*«tt^t*W{T*B 

(bLT, Ti, Zf, Nb, Ta*(f>BMo*fllf>te» 
^ictt. H10 (a) JCSWJ: 5 fc»SMfbaffi^«^ 
Wliair«Mrf*KCu*Znt 
BIO (b) tC^l>*:J:9fic» 

^b«*^-i*i*tio l /to *>m'j>*7F*. *bxm*n 

[0 07 3] BAtf. **ttHffi«:Ti, Zr, Nb, 
Ta«l»«Mor«SSU aWWMS»B«:»«'LfcA 1 

±l/ftMd. 05 <b) BSUteBKc, 
jttl/ft:A 1 e«*©»3#lft*c*TB{Sa*iT7Jl> 
^^ittO, *fcBA5 3|X9Bl»B2 1*rn3BI 
LXfc6T, »W.5 3©JIWt*«IWBt<E?WKttl9 
1-1 0 n mOWJtr^ £ J:^^»3Ht 



0/07 11:28 FAX 0332140929 



■» FITZ 



ao) 

17 

* » - ? £ ^ * f" ^* * "» 3,58 0 

-CftS03 (b) ©*-#>*>'*»-? , * ! '' t -<* K ** 

t j ? , _ *«©*&# & i/-cwv» * c 
[0 07 43 *fc*«^ffi*T i, Zr, Nb, Ta 

9 3B, tf*4JB*T©*S*. SHEtt^pftttiST^m 
flPSTK Zf. Nb. Ta^BMoiBW^-StyC 

*Hfc|fiJJt*ia5C itfTfrS. 
[0 07 5] ceT**#«***»*fcai* | H**' ett zo 
t«>*i> a iii©n«WtKJ:^-cHBL*W«ShX(,»< 
a»K*i,>-ci*Wi«Wt:»aT * ^ ^©«$«*^©& 
Hjfiija^ . SfcRrtOMUHfl <7 * s^iAi ©W 
■CttA l ©iMtK^tA l -f *v*««Hc*-»Tll« 
KftSia^A l *»«Mb-c«W*«SI#WS** 

T i Zf, Nb, T aJ£U*Mo3?) frttl^USSW?^ 
*L,tTi. Zr. Nb. TaiSO 

[0076] i. C5t?^^fiS*tifefll3a***S*^ 
JH7L5 3 iO«©Wttt««:«i*** ^ t*™* 

% 0 7 7 ] * L-cWW*0««IMai i«S?L5 3 t 

-^*if«t/^« | 5*lfiSS i > 
-7 £ ©IfflO^Wtt* * * -JB©l6J-t* *> wt? 



WW-^l 1-194134 
IS 

*.tf2 0O~l 100'C. ^fBU3:5-B 0«-*SJff*L 
[0 0 7 8] KK»*ttSE i &Cu^Zn'C«fiJiL/. B» 

■emmbttmmmfi^ti^. *i,t:e©*3Sfcraia2 

(a) KwbfcJ:^K*-^t^^»'^«eS 
BWUBKitifclSS Lfc*-tf > * * - 

[0079] c c-c ±ffil^fc£* ©»««C*>*4*flfi5* 

[0080] ^^-csaiaL^ffitffl^-cffl^^w** 

[008 1 ] tt-#>irs**.--7<DlS&V.* 'W^.«BI 

4«WJ:3fcl»»*H<' v tf« c ****** C 

C-CE!4«:^,>-CiSf»-r5. H4#4 1»RJ2?SS^& 

f). 4 2«S#. 4 3*Jf^W«!ttJR*^* l 5S^^ y 
WATS«-C*»3, S^ftfir©^^^^* 5 *^)-^ 

siAe-rfc 0 . »s«i-«33as4 9 *siasft#*©#i»"c* 

[0 0821 4 6B^©gm^^>"C*'>^ 

rw^BSUTT*** 1 . e:©ffc!g&F«i©E&**-*~' r 
[0 08 3] t»*^cc-c*Wu*;Sa9i«*o-ctt 

) m5iJSC»^K*^U>*J«^^WA«4 4*>61 
0 a c cm*AU fcfi(BWr**J:t«WW«««'* 
»AW4 5*fe*** 1 0 s 0 omiHAL,. SSrt©E 
^*10 0 0PatcU-C. jS^»-5>7 r «CJ:'JS(tS:7 

oo'CKtre o^ifflJSESStt*. 

[0 084] ec.tsKi'-a&fctt**--*^- 731 * 
-^©Sttj^iBatit^oS^-traffi^Sie^fftctja? 

SiSttl OnmHRl OarnKS*. 3Sfc^»-^^ 
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[008 5] 

[00863 mum i 

( i ) m¥t jiw*&»iE*# , *-4 s i •> *^-?hr 

KJ:0T i 0 Onm«CfiSffllU/to 

RFftfc : 4 0 OV, A r *7X*H£ : 5 mm 
TorriU. TltrtKWfc©*. HUSSlTC. 

[0 08 7] *fcTi»«*, Z r> Nb. Ta, M 
££BftK:l/tia5 (a> Cc^T»)BflliB*WT4a£# 
[0 08 8] CttfcopaftfcS^O. 3McD^^^ffi*S 

*iB^Lr 4 o v©«EE*fflBi/cA 1 oimMte 

0fr4»*T ZrR N.bR TaBtR^Mo© 
It, *CDIBI*1 0*IBT?*-»fc. cccchfe©*»* 

[0 08 9] *fc»«tt*BB*«srr*ii*cuBRiy 

[0 090} JBC»«Silffl*«lflrt-*Ji* P d JK&tf 
(C) K^LfeJ:5^^CC«»^^bfca^l»S 

[0091] *«c. isE^i^^a)*- ®R^»©afi(*K 

tt&m£«J5&-r («*UET U Z r » N b. Ta 
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[009 2] yj^^0©W*«c-3U>XB, 

OH 2 (a) K»LfcJ:3^«^lBfc*"CML-C 
V>4C£;Wfc&3*ift:, 

[0093] *fc^-^®oW»«:-3tr»t:tt» 

4. 

CO 09 4] (2) S i C^^-JSffSMCCTiR, Z 
rE NbR, TajKKCfMoM«»nbfcH5 (a) 

cc^raw^-bsa <i) ipflKUTfwi/fc. 

6CD***»* 0 , 3M<DS^^ffiKST8Ct«ftU 17 
WflWUfe*****HMfc. Pt*(WfcLrC4 0 
VO«E$rEnttH>XA l©BfiWk*"tTtC^fc- *BS® 
f kt*H 1 0 <C*st>Tfttt ( a > -CSVT »ffiffltffc«i»<Z>J£ 

4. 

[0095] yjW^®<D^fc^t>X2^*7«& 

[0096] *ee^A'-:/<DStfffi©3tftfc , ^*c* tffl 
5CoS0 4 *7H, 0=5vtK H a BO, =2w 

* * n4 # o->< ;i4sawMW*f *f *s 

r>t>-Ctt»-l" — 1- 5 V-CA^fcO(C»l/. Zf)V- 
^©Xtt- 1 0VJiJLh£*X*o^:. COttBW- 

4*^LTT*r^4o 

[0097] <S> JJB (1) (2) -CHWLfc© 

0=5wt^ H a BO a =2wt%©*S$«ciSL. 
I 5 V<DS» ( 5 0 H z ) ttE*tt#>WHJjQ*4 1 A 
i D H 5 ( c ) <D J: 9 ftlfflTUSau^C o ifflafttl^^** 

Lizim&frbtiit. 

[0 09 8] ;x&c@4«:m'ri:5>iSfteK»F'3 - c^-# 
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4 0 0~8 OO'CtCUfc, 

[0099] MS^fiU^v W»^«A«4 4 <p 

^>^>©JS*4#*£#>1 0 s c cmi*Al'T,5j£g* 
flOffi** 10 0 0 P aKLrt 2 O^IBl^llfc. *U 

[0 1 0 0] K«5dJbfcS*©Sffl«rFE-SEM (F 1C 
i e I d Emiss ion-Scmnins El 
ectron Microscope: S^W&fflS3E£ 

<d) «:^TJ:^tc«ffl^a5<0|!iJieaatt^*>6*-'iK 

[0101] fcftiU ^*>#V~*#*©»£W*> 

-afli'i'fc. ■^©EfegibiSJS'-i. — 

KfLgSSS. T-fe^U>, x^U>. ^*"><D 
JHHfcilS< fc-sft. 

✓ * -^f^W * £S£^ 1*3 fCiftHL. 

9<ctttfUfc. *l/C* + »<-rt*10- ' Torr 

-iff -> ^» -^a> «-?-iBttHa*iiJS i^fe. 
[0103] tfdfflWt ur. awttsia*w^*3£ 

*M?rt <> * » - ©•WMWl* 

[0 104] y>v~-zt<s>, a>&zf®v>#-# 

SctH«a5^affl!JSW*U*v 2;0 0VEtflnJ©KS©«3ftS 
«c-HM»S*vc. 
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-^d>» ©&£*©©#— sJ<>^-^5 l a--7'-f-''<^^iai'C 

[0106] <4) ±e <i) -cMwurtcotrac^fe 

•C^-^<S(DSH«n*l«ft:. C©"Sf**H, :He 
= 2:98 <tt«i±) ©0£#*#"e5 0 0 TW 1 ftlti 

*M-fa*)flv»r.ke (3) &HwekT***tl«* 
nets*:. -e©»s*J:3a <s> •esuj-tstire. 
o©«**«r »trfl» L-fti*-#>*- ✓ * * ^ 

©^Wfewsscefc* «* hfc e «fc ±6 4>© £ 

4. 

[0 1 07 3 

ft. ««liWW:S*4(/T!III»WfcS i 

o****JbK:|UP0. 1 pmJtUll'fcffc> EUSSMrt 
■C^-y, h«AlKKX.'C3UI(/CA!*0. 2 Aim 
<OW3tCBS«UrAl/Cofa»fflt*fF«bfc. CCT? 
a/-c»*ll>y*frttRF*-&4 0 0W, Ar~5mT 
0 r r^HJB,-C*«, 

CO 1 0 8 ] 'XKt 0. 3M©i^»»>K^«C 
KU-C4 0VQ3*n^A lH*Pi«iMkL/Vt. «BEHWlDK 

flSBMfc*«T3ti-fc. C(D|«|;fe2#flB-Cfc-3ft;. 
[01091C ©«B?L(D7t*j£Wftfcai)5C 5 w t «gK 

©'J>K»?R*K4 0^ia»U^accffi9HJri*BK: 
Jft 5 0 n mOBScDJffllL^-r 4T;I/ 5 ^"fll*fli*fc* 

[oiio] ©^*04 K^EjesawtcR 

*20 s c cm*AU-CJSl£«Srt©£E**50 0Pa 
O'CKUft:. 

[0 111] WJWHfc*l»fcflL SSR-Ci^l/^*! 0 
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*€*'C#SibfciB&lBB#*'fc2 0 s ccm*XI/tS 
j©g8rt©Efc* 1 0 0 0 P a tc LT 2 0 #|H£# L , 

[ 0 1 1 2 3 »6*ifc38*©SHB*F E-S EMK-CSI 

[0 1 lSJfl^fc*-^^^ 1 ^^® 

BLfc. *l/C**V*-rt*l 0- 'Tor rfc»» 
Lfcfc. JWBSKiEcMifftrBiaill/t^t, 

[0114] *©*£*» 1 5 0 VfflUti4»&ttitt*i*# 
.«*8hl*Bft. 2 0 0VHttD*D»lWll*«***W 20 

fc^HBOf^-f *tt«WfcU«£ bX+#&«*6*W 
CO 1 1 6] 

;X«C. ft*. ««MBIt*<5fMW«**^ s 

[0 1 1 7 ] g#4 Offfiffitn (jRmm-HRl O 0mm 
Qcm) OpSSiWt*'. «B«***aWSfc 
*te*BS i»E©RffifcA lBttftl um*Bl>**» 
64 0 0"C"CT=--Al/. t-^l^a^fUfefW 

[0 1 1 Bl *L"C****"»«- 1 T**-* 

Rgffi<tFdE*f7"»te. cofisatiStoA l tfcfc-aBJWW*:** 
janft^J^caftKUTTA lffijfcfcWSGfctofc. *fc 

*<fcCM PAT-ifcfrLTe. COHUciOSifflBKB 
06 (a) ^TJ:5fcfStnmH81 Onm©tt?bWfS 
183*1. &*©ffl?USp3£S i©ft*2 2fcJ:^X5K: 
fMM*TCI>>fc. 50 
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[01191 c<DS»*«^*»fcKEOT*££l 
0- • To r r#Kfc** , e;Ba9ltU ±ffi«:®SJHl 

Steffi-ate i * stts 7 o o - c * -cinfft i> x 

Saa-tfSfc. H6 (b) ©*9WWL*«cl«W«tttt 

[0120] aoc <:<!)■»*■ 4 JCSSTHftlBI*™ 
KU. *r^*A«4 5*»?.**^*2 0 s c cm 
SIAL'-CJSlt^SrtcDE^tB OOP aKl/fc. 

^»7>^*jS*rurs«sK*6 5o-cicLfc, a 

^ft©EE?j£2 0 0 0Pa(Cl/-C2 0#|BH$J*U * 

<oa*^«7 > i,-c******* i/fc**** 

co 12 1 j^k. fi««aatt*«*tt** Co - Nisfc 

» P d K|E Afc filrttt ±e t hmwc i/ r * 
*©&®£F E - S EMtCTl»Sl>?c 

./ * » - *©«*«*£ a> ******* 

"[0*1 2 2 ] MJKtcF e> C o&tfN i *ffll>Xf3«L 

mum i fcp»fc**fc«s**t»fc*Sffl* * > 

JBl,fcttBKft«nM**Bl'* t - 

41 0" ' To r rKSfS^fc^ffl^fclEWWEEfc 

[0 1 2 3 3 *©«*« DIOO VE|JjW*»6«-¥-*m 
#f|ISMtD», 2 0 o v^ft©JftHM**«*-- 

[0 124] cntt*-*^''? 1 ''^* 6 ^ 

[0 12 5] f$5S0!4 
&fct i p 

[0 128 3 *TStt-C**<BSSfSS i -J»*^-±KH 
7 (a) ©J:$fcl/5?*V7 1 ('v+^HW. AZ) 
^XEt- tc<J:0 0. &~ 1 am©HJ?X!ftWU. 
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10 



-*J 1 5 0 W. i&HB$!W 1 

US?* UM8BJK« i * *^-©7«WCC d - 
(jfimtbl : 1) *1 nm©JMtert*Wlfc. 

«,>trU5?* F * U ^ F * 7 Ufc*. 5 0 0 -cr 

T^-jvbtc o -n i mmmmt^mtML'Ht 
co 1 2 8 ] -m. c©aftsH4«JKtsje»a , 4 , *c 

BBU **#*»Afi4 5A>p,^^*2 0 a c c 
,4iXl,tflCSBrtOB**B 0 0 PiKUfc. *^ 

TiStfHS* >^*«Jb"CW«HBE* 7 0 0 -cic l. a 

0 s o a m*AU-CSJCES«Sl^^^3 0 0 0 P a « 

[0129] #fchfc«*<Dia«*F E - S EMiexlK 
gSOfciC*. B7 (d) (CJnf J:^K^7 2rtct)ftB! 

L-Cte0> *-#>*-x*»-^«)iBMB**niiiH»l 
Ontt?*^. 

[0130] »Wlfc*-#W*»-** v <''** 

M. AFMffffiOtt**-^^**-^ 1 1 pS<C 
[0131] ChBPH»IW»k*-* >i '^ f * - 

(cc-c«ISiSfSS i ) 6c+^:«R«tc«#3nrfe 

[0 13 21*11*5 

[01331 *rw«tei><«WHw>«*e o±«c 

■r4Bfi2 2©TJVS^Ii*sa3 (b) <D«h*i9}&£S 

*Rtrctt». *o±<Da-#i-s**-m±** 
g2 2±^c^4^6^itt='-^•J«8 3* s K^•^e>^• t:, ' 4 *■ * 

-C*s0 J:ot!«ffi8 1i«S8 2Wlim«8 1-PtS 



20 
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<TJU5;N1> 2 2-MJ«ie*tt^2 3-*-^>^' / 
?a ^ 72 4 -<a»»8 7 -«®8 2©)!S-CIS»£*VC 

l [0°l 3 6 1 _hlE<Z>*J£**f 

ttigaKi«*s»a^nrt. **» 2 

[0137] c©J: ^tcffl^rottfftaa^^*^ 3 ^ 

\*0 13 8] 

[0 1 3 9] fcSB©*-^*/**-^'^* 

(,>a«JS*WL-ct»a*cci^©'Sffl*^^^»' 1 *- * 
*i/-c*iMjH:j:htf, w*.\mr<Dmw>&*i* 

[0140] = . 

WKttl] ( 1 ) «ffii«Sl«K»&3ti. &i*> 

( 2 ) **ttlW«fe«> J:^***^' 1 * 

*3) fc#J^T.BO^©*4STM*AFM3?©fS 

(4) ^-^v^^^^-^fJ^t-fcfr^ 1 -^*^ 

[0 14 1] <5)«tC*l«!K3W4*-*>^^ 
»-^U*«cWU"C. ^Wtt^tB^Ti. Zr. N 
b Ta, Mo. CuSU»Zn%StJl. #K»N 



30 



40 
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JP-A No. 11-194134 

[Scope of Claims for Patent] 

1 . A carbon nanotube device including a 
5 substrate which has a conductive surface and a carbon 
nanotube whose one end is coupled to the conductive 
surface so as to be electrically continuous, wherein 
a coupling portion to the conductive surface of the 
carbon nanotube is surrounded by a barrier. 
10 2. A carbon nanotube device according to claim 

1, wherein the carbon nanotube is grown on surfaces 
of catalyst particles, and the catalyst particles are 
coupled to the conductive surface so. as to be 
electrically continuous. 

15 3. a carbon nanotube device according to claim 

2, having an insulating layer between the catalyst 
particles and the conductive surface, wherein tunnel 
junction is formed between the carbon nanotube and 
the conductive surface . 

20 4. A carbon nanotube device according to claim 

2, having an insulating layer between the catalyst 
particles and the conductive surface, wherein the 
insulating layer has a bridge-shaped path for 
connecting the conductive surface and the catalyst 

2 5 particles, and the path contains a material which 
forms the conductive surface. 

5. A carbon nanotube device according to claim 
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2, wherein the catalyst particle is a metal particle 
formed on the conductive surface by an alternating 
current electrodeposition method. 

6, A carbon nanotube device according to claim 
5 2, wherein the catalyst particle contains at least 

one element selected from cobalt, nickel, and iron. 

7 . A carbon nanotube device according to any 
one of claims 2, 5, and 6, wherein a particle size of 
the catalyst particle ranges from 1 to 100 nm . 

10 8. A carbon nanotube device according to claim 

7, wherein the particle size of the catalyst particle 
ranges from 2 to 50 nm. 

9. A carbon nanotube device according to claim 

I, wherein the barrier contains alumina. 

15 10. A carbon nanotube device according to claim 

9, wherein the barrier is an anodic oxide film which 
is of an aluminum film formed on the conductive 
surface . 

11. A carbon nanotube device according to claim 
2 0 1, wherein the conductive surface is formed by a 
layer which is supported by the substrate and the 
layer contains at least one element selected from 
titanium, zirconium, niobium, tantalum, molybdenum, 
copper, and zinc. 
25 12 * A carbon nanotube device according to claim 

II, wherein the conductive surface is formed by a 
layer which is supported by the substrate and the 
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layer con-tains niobium. 

13. A carbon nanotube device according to claim 
1, wherein the barrier contains silicon. 

14. A carbon nanotube device according to claim 
5 1, wherein the barrier is made of the same material 

as the material which forms the conductive surface. 

15. A carbon nanotube device according to claim 
1, wherein the conductive surface is formed by a 
layer which is supported by the substrate, and the 

10 layer contains at least one element selected from 
titanium, zirconium, niobium, tantalum, and 
molybdenum, the barrier is formed by the anodic oxide 
film made of Al , the carbon nanotube is coupled to 
the conductive surface through the catalyst particles 

15 and the insulating layer, the insulating layer has 

the bridge-shaped path for connecting the conductive 
surface and the catalyst particles, and the path 
contains at least one element selected from titanium, 
zirconium, niobium, tantalum, and molybdenum. 

20 16. A carbon nanotube device according to claim 

1, including a plurality of carbon nanotubes , wherein 
coupling regions of carbon nanotubes between the 
carbon nanotube and the conductive surface are 
separated from one another by the barrier layer. 

25 17. A method of manufacturing a carbon nanotube 

device including a substrate which has a conductive 
surface and a carbon nanotube whose one end is 
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coupled to the conductive surface so as to be 
electrically continuous, a coupling portion to the 
conductive surface of the carbon nanotube being 
surrounded by a barrier in the carbon nanotube device, 
5 the method of manufacturing the carbon nanotube 

device having a step of forming a plurality of carbon 
nanotube forming areas separated from one another by 
the barriers on the conductive surface of the 
substrate and a step of forming the carbon nanotube 
10 in the carbon nanotube forming area. 

18. A method of manufacturing a carbon nanotube 
device according to claim 17, wherein the step of 
forming the carbon nanotube forming area has a step 
of forming catalyst particles on the conductive 

15 surface, and the step of forming the carbon nanotube 
in the carbon nanotube forming area has a step of 
growing the carbon nanotube from surfaces of the 
catalyst particles. 

19. A method of manufacturing a carbon nanotube 
20 device according to claim 18, wherein the substrate 

having the conductive surface is made of low- 
resistivity silicon, and the step of forming the 
catalyst particles in the area surrounded by the 
barrier has a step of forming the pore surrounded by 
25 the low-resistivity silicon on the surface of the 

low-resistivity silicon substrate by anodic formation, 
a step of forming a layer made of a material of the 
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15 



20 



25 



catalyst particle on the substrate surface, and a 
step of agglomerating layers made of the catalyst 
particles by annealing to form the catalyst particles 
in the pore. 

20. A method of manufacturing a carbon nanotube 
device according to claim 18. wherein the substrate 
having the conductive surface is made of Ion. 
resistivity silicon. «d the step of forming the 
catalyst particles in the area surrounded by the 
barrier has a step of selectively coating the surface 
of the low-resistivity silicon substrate by 
photoresist, a step of forming the pore surrounded by 
the low-resistivity silicon by etching the low- 
resistivity silicon substrate surface which is not 
coated by the photoresist, and a step of forming the 
layer made o£ the material of the catalyst particle 
on the photoresist surface and the pore surface, 
removing the photoresist, and then agglomerating 
iayers made of the catalyst particles by annealing to 
form the catalyst particles in the pore. 

21 A method of manufacturing a carbon nanotube 
device according to claim 18. wherein the conductive 
surface is formed by a conductive layer which 
contains at least one eiement selected from titanium, 
zirconium, niobium, tantalum, molybdenum, copper, and 
2 i„c, and the step of forming the catalyst particles 
in the area surrounded by the barrier has a step of 
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forming an anodic oxidation film having pores in the 
conductive surface and a step of forming the catalyst 
particles in a bottom portion of the pores. 

22. A method of manufacturing a carbon nanotube 
device according to claim 21, wherein the step of 
forming the anodic oxidation film having pores in the 
conductive surface has a step of forming an aluminum 
film on the conductive surface and a step of 
anodizing the aluminum film. 

23. A method of manufacturing a carbon nanotube 
device according to claim 22, wherein the step of 
anodizing the aluminum film has a step of stopping 
the anodic oxidation of the aluminum film when a 
change in anodic oxidation current indicating that 

15 the anodic oxidation reaches the conductive surface 
is sensed. 

24. A method of manufacturing a carbon nanotube 
device according to claim 18, wherein the conductive 
surface .is formed by a layer which is supported by 
the substrate, and the layer contains at least one 
element selected from titanium, zirconium, niobium, 
tantalum, and molybdenum, the step of forming the 
catalyst particles in the area surrounded by the 
barrier has the step of forming the aluminum film on 
the conductive surface, the step of anodizing the 
aluminum film to form the alumina film having the 
pores, and the step of forming the catalyst particles 
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in the pore bottom portion, and the step of anodizing 
the aluminum film to form the alumina film having the 
pores includes a step of continuing the anodic 
oxidation after the change in anodic oxidation 
5 current indicating that the anodic oxidation reaches 
the conductive surface is sensed and of forming a 
path which couples the pore and the conductive 
surface and contains at least one element selected 
from titanium, zirconium, niobium, tantalum, and 
10 molybdenum in the alumina layer between the pore and 
the conductive surface. 

25. A method .of manufacturing a carbon nanotube 
device according to claim 24, including a step of 
heating the substrate in which the path is formed in 
15 an atmosphere of hydrogen gas, inert gas, or the 

hydrogen gas and the inert gas between the step of 
anodizing the aluminum film to form the alumina film 
having the pores and the step of forming the catalyst 
particles in the pore bottom portion. 
20 26. A method of manufacturing a carbon nanotube 

device according to claim 25, wherein the heating is 
performed at temperatures of 200 to 1100 °C for 5 to 
60 minutes. 

27 . A method of manufacturing a carbon nanotube 
25 device according to claim 18, wherein the catalyst 
particles are deposited in the pore by alternating 
current electrodepoaition . 
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28 . A method of manufacturing a carbon nanotube 
device according to any one of claims 18 to 21,. 
wherein the catalyst particle contains at least one 
element selected from Co, Fe, and Ni . 

29. A method of manufacturing a carbon nanotube 
device according to any one of claims 18, 27, and 28, 
wherein a particle size of the catalyst particle 
ranges from 1 to 100 nm. 

30. A method of manufacturing a carbon nanotube 
device according to claim 29, wherein the particle 
size of the catalyst particle ranges from 2 to 50 nm. 

31. A method of manufacturing a carbon nanotube 
device according to claim 17, wherein the step of 
growing the carbon nanotube includes a step of 
heating the conductive silicon substrate or the 
insulating silicon substrate which selectively has 
the catalyst particles on the surface at temperatures 
of 400 to 800 °C in a vessel in which source gas and 
the hydrogen gas are contained and pressure ranges 

from 500 to 3000 Pa. 

32. A method of manufacturing a carbon nanotube 
device according to claim 31, wherein the source gas 
is at least one selected from methane, ethylene, 
acetylene, carbon monoxide, and benzene. 

33-. A method of manufacturing a carbon nanotube 
device according to claim 32, wherein the source gas 
is at least one selected from ethylene, acetylene, 
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and carbon monoxide. • 

34. An electron-emitting device including a 
substrate which has a conductive surface, an 
electrode which is located at an opposite position to 

5 the conductive surface of the substrate, means for 
applying voltage between the conductive surface and 
the electrode, and a carbon nanotube whose one end is 
coupled onto a surface opposite to the electrode of 
the conductive surface so as to be electrically 
10 continuous, wherein a periphery of a coupling portion 
to the conductive surface of the carbon nanotube is 
surrounded by a barrier. 

35. An electron-emitting device according to 
claim 34, wherein the carbon nanotube is grown on 

15 surfaces of catalyst particles, and the catalyst 

particles are coupled to the conductive surface so as 
to be electrically continuous. 

36. An electron-emitting device according to 
claim 35, having an insulating layer between the 

20 catalyst particles and the conductive surface, 

wherein tunnel junction is formed between the carbon 
nanotube and the conductive surface. 

37. An electron-emitting device according to 
claim 35, having an insulating layer between the 

2 5 catalyst particles and the conductive surface, 

wherein the insulating layer has a bridge-shaped path 
for connecting the conductive surface and the 
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catalyst particles, and the path contains a material 
which forms the conductive surface. 

38. An electron-emitting device according to 
claim 35,' wherein the catalyst particle is a metal 

5 particle formed on the conductive surface by an 
alternating current electrodeposition method. 

39. An electron-emitting device according to 
claim 35, wherein the catalyst particle contains at 
least one element selected from cobalt, nickel, and 

10 iron. 

40. An electron-emitting device according to 
any one of claims 35, 38, and 39, wherein a particle 
size of the catalyst particle ranges from 1 to 100 nm. 

41 . An electron-emitting device according to 
IS claim 40, wherein the particle size of the catalyst 

particle ranges from 2 to 50 nm. 

42 . An electron-emitting device according to 
claim 34, wherein the barrier contains alumina. 

43 . An electron-emitting device according to 

20 claim 42, wherein the barrier is an anodic oxide film 
which is of an aluminum film formed on the conductive 
surface - 

44 . An electron-emitting device according to 
claim 34, wherein the conductive surface is formed by 

25 a layer which is supported by the substrate and the 
layer contains at least one element selected from 
titanium, zirconium, niobium, tantalum, molybdenum, 
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copper, and zinc. 

45. An electron-emitting device according to 
claim 44, wherein the conductive surface is formed by 
a layer which is supported by the substrate and the 

5 layer contains niobium. 

46. An electron-emitting device according to 
claim 34, wherein the barrier contains silicon. 

47 . An electron-emitting device according to 
claim 34, wherein the barrier is made of the same 

10 material as the material which forms the conductive 
surface . 

48. An electron-emitting device according to 
claim 34, wherein the conductive surface is formed by 
a layer which is supported by the substrate, and the 

15 layer contains at least one element selected from 
titanium, zirconium, niobium, tantalum, and 
• molybdenum, the barrier is formed by the anodic oxide 
film made of Al , the carbon nanotube is coupled to 
the conductive surface through the catalyst particles 

20 and the insulating layer, the insulating layer has 

the bridge-shaped path for connecting the conductive 
surface and the catalyst particles, and the path 
contains at least one element selected from titanium, 
zirconium, niobium, tantalum, and molybdenum. 

25 49. An electron-emitting device according to 

claim 34, wherein including a plurality of carbon 
nanotubes, wherein coupling regions of carbon 
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nanotubes between the carbon nanotube and the 
conductive surface are separated from one another by 
the barrier layer. 
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JP-A No. 2000-191302 

[Scope of Claims for Patent] 

1. A hydrogen storage body including a metal 

5 substrate and carbon fiber which is directly formed 
on the metal substrate and has a function* of 
absorbing hydrogen, 

2 . A method of manufacturing a hydrogen storage 
body, including a step of orientating crystal 

10 orientations of a surface of the metal substrate, a 
step of forming depressions in the surface of the 
metal substrate, and a step of supplying source gas 
to the metal substrate to perform vapor phase growth 
of carbon fiber having a function of absorbing 

15 hydrogen in the depressions. 
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